Introduction

This Laboratory Analytical Procedure (LAP) covers the determination of total sterols in
freeze-dried microalgal biomass. Results are reported as the percent sterol content based on the oven dry weight of the sample. The procedure is based on the National Renewable Energy Laboratory's fatty acid methyl esters LAP for total lipid quantification [1] , making it easy to perform two analyses at once if desired, and saving significant time when compared to other sterol methods. Because this method is based on an acid-catalyzed transesterification and hydrolysis, free sterols are produced from their complex composition, and analyzed by gas chromatography. The following procedure does not produce phytol as another terpenoid-derived product, which is typically formed when a base-catalyzed conversion reaction is used.
1.2 Phytosterols in algae are found in various configurations, including free sterols, sterol esters with higher fatty acids, sterol glycosides, and acylsterol glycosides. These compounds are important in cell membrane functions and properties. The method described here focuses specifically on the analysis of free sterols.
1.3 This procedure first solubilizes algal cell contents and then hydrolyzes bound sterols using dilute acid hydrolysis. The sterols are then extracted from the polar phase with hexane, utilizing the addition of a salt solution to improve free sterol extraction kinetics.
1.4 An internal standard consisting of a sterol-like compound not likely to be found in microalgae (e.g., 5α-cholestane) is utilized to correct for sterol extraction efficiency.
Scope
2.1 This procedure is developed and optimized specifically for microalgal biomass.
Terminology
Oven Dry Weight (ODW):
The weight of the biomass corrected for the percent moisture determined by drying the biomass overnight in a 60°C atmospheric pressure or 40°C vacuum convection oven according to LAP Determination of Total Solids and Ash in Algal Biomass [2] .
Phytosterols:
Steroid alcohols produced by photosynthetic organisms that are: biosynthetically derived from the terpenoid pathway, can range in concentration in algae between 0.2% and 5% of the dry biomass, and exist as free sterols, sterol esters with higher fatty acids, sterol glycosides, or acylsterol glycosides.
N,O-Bis(trimethylsilyl)trifluoroacetamide: Trimethylchlorosilane (BSTFA:TMCS):
A silylation reagent used to derivatize non-volatile compounds to trimethylsilyl (TMS) derivatives for easier separation and better peak shape in gas chromatography.
Trimethylsilyl (TMS):
Functional group consisting of three methyl groups and a silicon atom.
Internal Standard:
A known amount used in samples and standards, allowing for the correction of the sterol quantification for extraction efficiency, analytical instrument variability, and solvent evaporation/miscibility during the analysis.
Significance and Use
4.1 This procedure is used to determine the amounts of phytosterols present in microalgal biomass.
4.2 This procedure may be used in conjunction with other compositional analysis procedures to determine the summative mass closure of microalgal biomass. 8.3 Hexane is a significant health hazard and is extremely flammable.
Interferences
8. 4 Chloroform is a trihalomethane and is considered a possible human carcinogen.
8.5 BSTFA (1% TMCS) is corrosive and extremely flammable.
8. 6 Pyridine is toxic and extremely flammable.
8.7 Follow all applicable chemical handling and waste disposal procedures.
Sampling, Test Specimens, and Test Units
9.1 Care must be taken to ensure a representative and ground/homogenized (particle size <1 mm) sample is taken for analysis.
9.2 Limit sample contact with oxygen, heat, and moisture to lessen the possibility of sterol degradation. Storage of samples should ideally be in an inert (nitrogen) atmosphere and at least at -20°C.
Procedure
10.1 Preparation of the samples for hydrolysis 10.1.1 Label clear, 1.5-mL GC vials using a permanent marker for each of the samples to be analyzed. Each sample should be analyzed in triplicate at a minimum (unless the amount of sample prohibits this). In addition, a quality control (QC) biomass standard should be included in triplicate with each batch of samples. Ensure sufficient quantities of the standard are available for QC charting over multiple batches of sterols analysis.
10.1.2
Record the weights of all labeled vials to the nearest 0.1 mg. Written labels should be dry before the weight is recorded.
10.1.3 Weigh 9-11 mg of freeze-dried sample into the labeled and pre-weighed GC vials. Record the weight to the nearest 0.1 mg.
10.1.4 It is also recommended to weigh out an ergosterol reference sample as ergosterol is a mix of isomers and each of the isomers undergoes an isomerization reaction during the acid hydrolysis, forming multiple peaks in the chromatography that are shifted from the un-hydrolyzed standard. Weigh out approximately 1 mg of the ergosterol used to prepare the standards. Recording a weight is not necessary for this reference as it is only to identify peak locations after hydrolysis. The reference should be treated as a sample for the remainder of the analysis.
10.1.5 Samples should be dried in vials in a 40°C vacuum oven or stored in a desiccator under vacuum overnight.
NOTE:
Allow samples to cool and dry and then take a final weight to calculate the ODW of the sample.
10.1.6 If no vacuum oven is available, dry a representative aliquot of biomass for moisture determination on the same day and correct the biomass weights prior to calculating the sterol concentration [2] .
10.2 Preparation of the internal standard 10.2.1 Prepare a 1 mg/mL solution of internal standard as follows:
• Tare a clean, 10-mL, class A, volumetric flask.
• Weigh out about 10 mg of the 5α-cholestane into the tared flask.
• Record the weight to the nearest 0.1 mg.
• Bring to volume with HPLC grade chloroform and mix well.
10.2.2
Transfer approximately 1 mL of the mixture to labeled 1.5-mL amber GC vials using a glass Pasteur pipet, working quickly and carefully to avoid evaporation. Seal vials immediately with PTFE/silicone/PTFE crimp caps. • 25 µL of the pre-prepared 5α-cholestane internal standard (1 mg/mL) using a gas-tight syringe. Recap the 5α-cholestane vial after adding to all samples; it will be needed in step 10.7.2.
• 200 µL of chloroform:methanol (2:1, v/v) using a gas-tight syringe.
• 300 µL of 0.6M HCl:methanol using a pipet with a plastic or glass pipet tip. DO NOT use metal syringes.
NOTE:
Vials do not need to be capped after addition of the internal standard. Evaporation of the other reagents should be kept to a minimum, either by working quickly but carefully or by setting caps on the vials in between steps. 10.4.4 Vortex well to mix the vial contents and let them stand undisturbed at room temperature for at least 1 hour, but no more than 4 hours, to allow the phases to separate. If the rest of the procedure cannot be completed on the same day, vials must be re-capped and then stored overnight (no longer than 24 hours to avoid co-extraction of unwanted compounds) in a freezer (-20°C). Always store vials upright.
10.4.5 To get complete phase separation, vials must sometimes be centrifuged due to emulsification of some of the residual biomass. To separate phases, centrifuge the GC vials by placing in compatible centrifugation tubes at 930 rcf for 5-10 minutes.
If longer storage is required, transfer the hexane layer (after allowing for complete extraction of at least 1 hour and centrifuge if necessary) to a new 1.5-mL GC vial, cap the vial, and store in a freezer (-20°C) for up to 1 week.
10.4.6 Label a new 300-µL GC insert vial for each sample. 10.4.9 Once the samples are dry, they can either be capped and stored in a freezer (-20°C) for up to 1 week, or immediately derivatized and analyzed.
10.5 Preparation of the sterol working standard 10.5.1 Prepare a 1 mg/mL sterol working standard as follows:
• Weigh out approximately 10 mg each of the cholesterol, ergosterol, and stigmasterol directly into the flask.
• Record the exact weight of each sterol to the nearest 0.1 mg.
• Bring to volume with HPLC grade chloroform and mix well. 10.6 Preparation of the sterol standard levels 10.6.1 Prepare a series of sterol standard levels and a CVS as described in Table 1 . 10.6.2 Prepare each level in a 1.5-mL amber GC vial using gas-tight syringes. Seal vials immediately with PTFE/silicone/PTFE crimp caps.
10.6.3 Record the date of preparation, concentration, and any other pertinent information on the vials and place upright in a freezer (-20°C) for storage. Store sealed for up to 6 months. Replace levels every month if being pierced frequently. Always recap after using to preserve the concentration.
10.7 Derivatization of the samples and standards 10.7.1 Prepare the BSTFA(1% TMCS):pyridine derivatization reagent (1:1, v/v) as follows:
• Label a 1.5-mL amber GC vial.
• Add 500 µL BSTFA (1% TMCS) to the vial using a pipet tip compatible with the chemical or a gas-tight syringe (rinse thoroughly following use with methanol, followed by chloroform).
• Add 500 µL pyridine to the vial using a pipet tip compatible with the chemical or a gas-tight syringe (rinse thoroughly following use with methanol, followed by chloroform).
• Seal the vial with a PTFE/silicone/PTFE crimp cap and vortex to mix.
It is possible to prepare more than 1 mL of derivatization reagent by preserving the 1:1 (v/v) ratio of the two chemicals when prepping. Dispose of any excess reagent immediately after the derivatization. Ascertain that the pyridine is a fresh container, as any moisture present in pyridine can interfere with the silylation chemistry and thus present with inaccurate results.
10.7.2 Prepare the standard level vials for derivatization as follows:
• Label a 300-µL GC insert vial for each standard level and the CVS.
• Add 2.5 µL of the 5α-cholestane internal standard used in step 10.3.2 to each of the 300-µL insert vials using a gas-tight syringe. Allow to evaporate. Recap the internal standard vial immediately, it may be needed later if a re-run is necessary (store it in the freezer in the event it needs to be reused).
• Add 75 µL of the standard level to the appropriately labeled 300-µL insert vial using a gas-tight syringe and set a PTFE/silicone/PTFE crimp cap on the vial to prevent evaporation.
• Add 25 µL of the derivatization reagent prepared in step 10.7.1 to each of the vials using a gas-tight syringe.
• Seal the vials immediately with the PTFE/silicone/PTFE crimp caps and vortex well to mix.
Recap the pierced derivatization reagent to use for the samples in the next step.
10.7.3 Prepare the 300-µL sample vials from step 10.4.9 for derivatization as follows:
• Add 75 µL of HPLC grade chloroform to each vial using a gas-tight syringe and set a PTFE/silicone/PTFE crimp cap on the vial to prevent evaporation.
10.7.4 Derivatized standards and samples should be analyzed on the GC within 3 days of being prepared.
10.8 Setting up the GC for sterols analysis 10.8.1 Suggested GC analysis follows a temperature and flow program as detailed below for DB-5ms 30 m x 0.25 mm inner diameter x 0.25 µm film thickness:
• 1-µL injection, inlet temperature of 280°C
• Constant flow: 0.9 mL/min helium
• Oven temperature: 100°C for 5 min, 15°C/min up to 325°C and hold for 15 min (35 min total)
• FID: 300°C, 400 mL/min zero air, 40 mL/min H2, 30 mL/min helium 10.8.2 Run several blank chloroform samples before running the calibration set, CVS, and samples. Run a chloroform blank every 10 samples and finish the run with the CVS followed by several injections of a methanol blank (to scavenge any remaining derivatization reagent).
10.8.3 Create a calibration table or update the existing calibration table with the amount of each compound in μg/mL based on the certificate of analysis (percent and purity) and the weight recorded in step 10.5.1 for the standards used.
10.8.4 Update the 5α-cholestane internal standard amount in μg/mL in the Chemstation software.
10.8.5 To quantify by Chemstation (Agilent) or respective GC software, use calibration response factors (corrected for internal standard recovery-in this case, 5α-cholestane-the software will do this once the correct internal standard value has been entered) for each individual sterol and only work up data when correlation is 0.999 or better.
10.8.6 Frequently, the sterols present in microalgae are not available commercially and may not match what is in the standard mixture. Sterol identification should be confirmed on a GC-MS. Response factors from structurally similar sterols may be used to quantify identified sterols using the FID signals obtained for the peaks. The MS should not be used for quantification as small molecular differences of the respective free sterols can produce large differences in signal response, so for compounds without an exact calibration standard, quantification may be inaccurate on the MS.
Calculations
11.1 Export the sterol concentrations (as µg/mL for each individual sterol) from GC software and normalize for the quantity of the internal standard (this may have already been done by the software).
11.2 Calculate the total sterols as a percent of the ODW of the sample. The ODW refers to the weight after drying the sample overnight at 40°C in a vacuum oven (or approved equivalent):
11.3 To report or calculate the root mean square deviation (RMS) or the standard deviation (STDEV) of the samples, use the following calculation:
where: xm = the root mean square of all x values in the set n = number of samples in set xi = measured value from the set 11.4 To report or calculate the relative standard deviation (RSD) of the triplicates, use the following calculation:
where: stdev = RMS deviation from the calculation in step 11.3 Xmean = the mean % total sterols of the triplicates
Report Format
12.1 For replicate analyses of the same sample, report the average, standard deviation, and RSD.
